In the upstream solar wind, three dominant types of plasma waves are observed associated with energetic particle streams coming from the earth's bow shock: ion acoustic waves, electron plasma oscillations, and whistler mode waves. The ion acoustic waves occur simultaneously with either ion beams or a dispersed ion population in the energy range from •,0.5 to >45 keV. These short-wavelength electrostatic waves are very impulsive, and the peak amplitudes increase with increasing ion flux and at spatial gradients in the energetic ion densities. 
INTRODUCTION
The purpose of this paper is to describe and interpret the electrostatic and electromagnetic plasma waves observed on ISEE-1 and -2 in the region upstream of the earth's bow shock and their association with upstream energetic plasma. This paper will emphasize the characteristics of the plasma waves.
Companion papers by Eastman et al. [this issue] and Parks et al. [this issue
] will emphasize the characteristics of the plasma associated with these waves in the upstream solar wind. The major significance of the research that we report here is that we are able to evaluate the wave particle interactions in detail to a degree not possible in previous investigations. The data we use are from two ISEE spacecraft which are similarly instrumented and travel together in nearly identical orbits. The electric antennas on the two spacecraft have a significant difference in length such that the range of wavelength values can be investigated. High time resolution measurements, as fast as 32 samples per second, are used both for wave amplitudes over the frequency range from 5.6 Hz to 311 kHz and for the fluxes of ions and electrons over the energy range from ~ 1 to >290 keV. On these time scales we are able to observe directly the rapid changes that occur when the waves and particles in- The plasma wave data used in this study came from the -2. Complete descriptions of these experiment are given by Gurnett et aL [1978] . Here we will review the instrume Pertinent to this study. For/SEE-I, the electric sensor is a 215-m electric dipole antenna. The magnetic sensor is a searc cod magnetic antenna./SEE-1 has a 20-channel electric spectrum analyzer covering the frequency range from 5.6 Hz to 311 kHz and a 14-channel magnetic spectrum analyzer covering the frequency range from 5.6 Hz to 10 kHz./SEEhas a 128-channel sweep frequency receiver covering the fre- x 162 ø into seven contiguous fields of view oriented along the crossed the bow shock and entered the upstream region about spacecraft spin axis. The ion and electron sensors are sampled 1850 UT at a radial distance of 15.7 Re and a magnetic local 12 or 16 times per spacecraft spin to fill in a three-dimensional time (MLT) of 8.3 hours. A little over 1 hour later, at a radial velocity distribution that covers all except •2% of the unit distance of about 17 Re, the spacecraft encountered large and sphere for particle velocity vectors. Instrument cycle times for abrupt increases in ion fluxes accompanied by large and the LEPEDEA's are 2 and 8 min for the high-bit-rate and low-abrupt enhancements in ion acoustic wave amplitudes. Exambit-rate modes, respectively. ination of the magnetic field parameters from the data pool The energetic particle measurements used in this study are tape shows that this event occurred when the magnetic field obtained on both ISEE-1 and -2 from instruments developed changed in such a way that the ISEE spacecraft were brought by the University of California, Berkeley; Paul Sabatier Uni-into the ion foreshock region. The lower panels of The most notable feature in the plasma wave data associated with this enhanced ion flux event is an abrupt increase in electrostatic waves from 2003 to 2035 UT which we identify as Doppler-shifted ion acoustic waves. In the ISEE-2 data they are evident from about 178 Hz to 10 kHz, and in the ISEE-1 data they are evident from 100 Hz to 5.6 kHz. The waves are very impulsive with peak amplitudes typically 1 to 2 orders of magnitude greater than the average amplitude. The electrostatic nature of the waves is verified by the fact that no signals above 178 Hz are present in the ISEE-1 magnetic spectrum analyzer data during the event. A comparison of the ion acoustic wave spectral densities between ISEE-1 and -2 is shown in Figure 3 We shall now calculate the wavelengths expected from these observations. Since the region of positive slope in the velocity distribution function equals the phase velocities of the waves, the wavelengths corresponding to 10.8 x 10 3 and 21.0 X 10 3 km/s are 400 and 780 m, respectively. These calculated wavelengths are much longer than our electric antennas, which is in good agreement with our observations that the electron plasma oscillations have long wavelengths.
ISEE
Substituting h and AD into the dispersion relation, we can calculate the frequency spread expected from the observed electron distribution function. Around 1035 UT November 6, 1977, the plasma frequency as determined from the sweep frequency receiver is 27 kHz, which indicates a number density of 9 cm -3. The electron temperature is 1.4 x 1½ øK (J. D. emissions which are sometimes observed to fluctuations in the number density. The above calculations have shown that our observations of nearly monochromatic long-wavelength electron plasma oscillations associated typically with electron beams of energy 0.2 to 1.5 keV are consistent with the twostream instability theory. One aspect of our observations that yet needs explanation is the enhancement of the electron plasma oscillations at gradients in the energetic electron densities. The enhancements occur both at sharp increases and sharp decreases in the electron flux.
A thorough inspection of the spectrum analyzer data that contains electron plasma oscillations shows that additional waves almost always accompany the electron plasma oscillations. Whistler mode waves and short-wavelength ion acoustic waves that accompany electron plasma oscillations will be discussed in section 5. The waves we will discuss here are low- frequency electrostatic waves that have longer wavelengths These low-frequency electrostatic waves have frequencies and lower observed frequencies than the ion acoustic waves which are usually lower than the Doppler-shifted ion acoustic we have already studied. Examples of these waves appear at wave frequencies earlier studied. An example of the electric and below 1.78 kHz around 1630 UT in Figure 10 and from field spectra of the low-frequency electrostatic waves is shown 1936 to 1953 UT in Figure 12 . The intensity of these waves in Figure 11 below 3.1 kHz. The wave spectra do not display correlates well with the intensity of the electron plasma oscil-the broad peak found for the short-wavelength ion acoustic lations. We have been very cautious in discussing these waves waves but rather monotonically increase with decreasing frefor fear that they may be a result of intense electron plasma quency. The peak spectral densities measured for the low freoscillations saturating the preamplifiers and causing nonlinear quency electrostatic waves on ISEE-1 and -2 are comparable effects. We do not believe that these waves arise because of across the frequency range where they are observed indicating saturation effects for several reasons. The waves appear on that the wavelengths exceed 215 m. No short-wavelength efboth ISEE-1 and ISEE-2, even though the ISEE-2 antenna is fects are observed. Because the waves are so impulsive, the av-7 times shorter and thus the signal at the preamplifier due to erage spectral densities shown in Figure 11 are controlled by electron plasma oscillations is 7 times smaller. The waves also the noise level of the two receivers and do not represent the appear even when the amplitude of the electron plasma oscil-spectra of the low-frequency electrostatic waves. These waves lations is 2 or 3 orders of magnitude below where the pre-may be long-wavelength ion acoustic waves. amplifiers could begin to saturate.
The simultaneous observation of high-frequency electron As shown in Figures 10 and 12 , these low-frequency waves plasma oscillations and low-frequency electrostatic waves and are very impulsive with peak amplitudes far exceeding the av-ion acoustic waves with the upstream electrons suggests that erage amplitudes. No magnetic waves at the same frequencies nonlinear plasma processes are active. An instability that are observed which indicates that the waves are electrostatic. might be responsible for these low-frequency waves is the [1980] . They suggested in the electric spectrum analyzer data we observe ion acoustic that whistler mode waves and the electron plasma oscillations waves. The ion acoustic waves peak in the 3.1-kHz channel on were not directly coupled but rather shared a common source ISEE-1 and peak in the 5.6-kHz channel on ISEE-2. Figure 17 of free energy, the electron heat flux. In one case they found displays the 1.4 to 1.6 keV electron data and the wideband good agreement between the observed whistler frequency and data during the time of the electron plasma oscillations. The the electron heat flux instability predictions of Gary and Feldlow-energy electron flux abruptly increases coincident with man [1977] . They concluded that the electron plasma oscillathe onset of the whistler mode waves and the ion acoustic tions could be due to impulsive heating elsewhere on the field waves. The low-energy electron flux terminates coincident line connected to ISEE-3. The time of flight effect could then with the cessation of the whistler mode waves and the ion lead to a bump-on-tail distribution. In this research we are unacoustic waves. Little activity was observed in the higher en-able to clearly identify the source of the whistler mode waves. ergy electron channels or in the ion data observed by the LE-PEDEA and the Berkeley-Toulouse-Washington instruments at 6. SUMMARY AND DISCUSSION this time. If ions were responsible for the ion acoustic wave In this study we have examined wave particle interactions activity at this time either they were below the energy range of in the region upstream of the earth's bow shock using plasma the detectors or below the background intensity levels. wave and plasma data from the ISEE-1 and -2 spacecraft. The If the electron cyclotron resonance instability is responsible observation of simultaneous enhanced plasma wave activity for the whistler mode wave growth during ion enhancement and enhanced particle fluxes is a common feature of the upevents or electron plasma oscillation events, the -• 1 keV elec-stream solar wind region especially on the dawnside. This is trons we observe are too high in energy to be the resonant summarized in Figure 18 Three types of waves associated with electron plasma oscillations and/or the low-energy electrons responsible for their growth are observed: whistler mode waves, ion acoustic waves, and low-frequency electrostatic waves. We have shown that the parametric decay instability could produce ion acoustic waves or the low-frequency electrostatic waves.
In this report we have identified and examined in detail the plasma waves associated with the energetic plasma and particles upstream of the earth's bow shock, and we have studied the wave particle interactions taking place between them. Many of the important observations we have used have been dependent on the multiple spacecraft concept of the ISEE mission. Multiple spacecraft, multiple antenna lengths, and high time resolution measurements of the wave parameters and the 3-dimensional particle velocity distributions are all essential for in depth studies of plasma waves and plasma in space.
